Summary The corticotectal pathway from the fundus of the cat's coronal sulcus (CORo) from which monocular movements of contralateral eye were evoked was studied using electrophysiological and anatomical techniques. Neurons in the CORo were activated antidromically by electrical stimulation of the deep layer of the superior colliculus (SC). Labeled cells were found in the CORo following horseradish peroxidase injection in the SC.
Conjugate eye movements have been reported in many experiments describing evoked eye movements following cortical stimulation of the brain (LEMMEN et al., 1959; ROBINSON and FUCHS, 1969; SCHLAG and SCHLAG-REY, 1970; GUITTON and MANDL, 1978) . On the other hand, we reported monocular movements of the contralateral eye following cortical stimulation in the fundus of the coronal sulcus (CORo) of the cat (TAMAI et al., 1984 ). The CORo is quite different, with respect to the latency and type of the eye movement, from areas previously described as classical frontal oculomotor areas (FOA) in the cat: the medial wall of the hemisphere under the cruciate sulcus and the medial and lateral banks of the presylvian sulcus (SCHLAG and SCHLAG-REY, 1970; GUITTON and MANDL, 1978) . Therefore, it is of interest to know whether the CORo has its own direct projection to the subcortical structure related to the eye movements. In the present study, we have demonstrated the corticotectal connection of the CORo using electrophysiological and anatomical techniques. The cortical neurons in the CORo were activated antidromically following stimulation of the deep layer of the superior colliculus (SC). In separate experiments, the cortical cells in the CORo were labeled following injection of horseradish peroxidase (HRP) in the SC in which the CORo neurons were activated antidromically.
Experiments were performed on eight cats weighing between 2.5-3.5 kg. All Y. TAMAI, M. NAKAI, and E. MIYASHITA surgical procedures were carried out under inhalation anesthesia composed of a mixture of 40% oxygen and 60% nitrous oxide supplemented with 1.0-2.0 halothane. While fixed on a stereotaxic frame, the frontal and parietal skull were opened and two chambers were attached to the skull with dental compound. Following chamber placement, several screws were fastened to the occipital and parietal bone with dental cement. The animal was then removed from the stereotaxic apparatus to release it from the ear bar of the stereotaxic apparatus and its head was rigidly held by attaching a head-holding device to the screws in the skull. The head was deflected downward at an angle of 22° from the horizontal plane. This angle is considered to mimic the cat's natural head position (BLANKS et al., 1972) . The spinal cord was transected at C 1 and the animal was maintained on artificial respiration. The gaseous anesthesia was discontinued during recording of eye movements after all wound tissues were treated with 1 % lidocaine. The effectiveness of the local anesthesia was confirmed frequently and there were no signs of pain during the recording session. The body temperature was kept at 37-38°C by placing a heating pad under the body. Tungsten-in-glass electrodes (STONEY et al., 1968) were inserted into the brain through the chamber filled with warm liquid paraffin for recording and stimulation (Fig, 1A) . The exposed tip of the microelectrode was 15 to 20 µm in diameter and 30 to 50 µm in length. Electrical stimulation consisted of a single pulse or ten consecutive square pulses (pulse duration, 0.3 ms; frequency, 400 Hz; intensity, under 30,uA). The onset of eye movement was recorded by detecting the reflected light from the surface of the cat's eyes using photoelements (Cds). The direction of the eye movement was determined visually and photographically by the displacement of a thin white paper pasted on the surface of the cornea. The displacement of the white thin paper was photographed by double exposure using a flash lamp In three cats anesthetized with chloralose (Tokyo Kasei; 70-100 mg/kg, i.v.), a micropipette electrode (tip diameter, 15 m) filled with 20% HRP (300 units/mg solid, Sigma) dissolved in 0.2 M KCl plus 0.05 M Tris buffer solution was inserted through the posterior chamber into the SC. The HRP was iontophoresed by passing anodal current (D.C.) of 5 to for 5 min through the electrode. After 48-72 h, the cat was deeply anesthetized with Nembutal (40 mg/kg) and perfused with 0.9% saline solution, followed by a phosphate buffer mixture of 1.5% paraformaldehyde and 4% glutaraldehyde and then by a perfusion wash with 10% sucrose. The tissue was frozen, cut at 60 tim, and reacted with tetramethylbenzidine (HARDY and HEIMER, 1977) . The HRP-labeled cells were detected after counterstaining with neutral red.
Antidromic activation of neurons in the CORo
In five experiments, two microelectrodes were inserted in the CORo and the SC to investigate the direct connection between these areas. First, ten consecutive pulses (intensity 30 µA) were applied to the CORo through the frontal electrode to evoke the monocular eye movement of the contralateral eye. The typical eye movement is shown in the photograph of Fig. l B. The double image of a thin white paper on the surface of the left cornea indicates medial or slightly oblique ventromedial movement following stimulation of the contralateral CORo, while the single image of a thin white paper on the right cornea shows no movement of the eye. According to the oscilloscope traces recorded by photoelements, the left eye (upper trace in Fig. 1C ) started to move at 19.3 + 0.7 ms (mean and S.D.) following cortical stimulation while the ipsilateral right eye (lower trace in Fig. 1C) did not move at all.
After the monocular eye movement was confirmed, the second electrode was inserted in the SC through the posterior chamber. The electrode was inserted slowly from the surface of the SC while stimulating the CORo. Whenever an orthodromically activated neuron was encountered in the SC, the stimulating and recording electrodes were switched to investigate whether the neuron in the CORo could be activated antidromically by the stimulation of the SC. A total of five cortical neurons was activated antidromically by the stimulation of the ipsilateral SC. The latency of the antidromic response was 1.1 + 0.3 ms (mean and S.D.). A typical antidromic response in the CORo neuron is shown in Fig. 1D . The threshold and latency of the spike were 201iA and 0.9 ms, respectively. The latencies and spike amplitudes persisted constantly at a high frequency stimulation of 400 Hz as shown in Fig. 1E . The site of the recording electrode was in the V layer of the CORo (arrow in Fig. 1F ). The location of the stimulating electrode with the lowest threshold was in the deep layer of the SC close to the mesencephalic reticular formation (arrow in Fig. 1G ).
HRP-Iahcled celLs in the CO Rn
To confirm the corticotectal connection of the CCRo anatomically . HRP was injected into the and the retrogradely labeld cells were examined in the CORo. In three preparations, the HRP wits successfully injected into the intermediate and deep layer of the S close to the area in which the CRo neurons sere activated antidromically, and the labeled cells were found in the CORo. A typical experiment is illustrated in Fig. 2 . The site of the HRP injection and the labeled cell are shown in a coronal section of the brain stem (black area in Fig. 2Ab ) and the frontal cortex (closed circles in Fig. 2Aa ), respectively. The high power photomicrograph of Fig.  2B shows a labeled cell (arrow) in the CORo outlined in Fig. 2Aa . The labeled cells always appeared in the ipsilateral CORo and were never observed on the contralateral side. The number of the labeled cells was one or two in each section and was 5 in total in this preparation. The injection site of the HRP was in the intermediate and deep layers of the SC. The labeled cells were not found in another preparation in which the injection site restricted in the surface layer of the SC. Although the labeled cells were found in the preparation in which the center of the injection site, corresponding to the region of effective uptake of the HRP (NORTON et al. 1979) , was in the intermediate and deep layer of the SC, there is no denying a possibility that the HRP was uptaken from the injured axons or from the mesencephalic reticular formation close to the SC.
Corticotectal projection of the FOA has been shown in the cat (SPRAGUE, 1963; KAWAMURA and KONNO, 1979; KONNO, 1979; TORTELLY et al., 1980; SEGAL et al., 1983) . The fiber connection between the fundus of the coronal sulcus and the SC, a subcortical structure related to eye movement, was shown by HARTWICH-YOUNG and WEBER (1986) , in agreement with our anatomical and electrophysiological results. Thus, the CORo as well as the FOA has neural connections to the SC, a subcortical structure related to the eye movement. However, corticotectal connection of the CORo seems to be not so powerful as that of FOA, judging from the number of retrogradely-labeled cells in CORo and FOA. Less potent corticotectal projection of CORo was supported by our electrophysiological experiments. Neurons driven antidromically by SC stimulation were few in number and found in a restricted area of CORo. Experiments using WGA-HRP (wheat germ agglutinin horseradish peroxidase) are under way in our laboratory, to further clarify this suggestion. By injection of WGA-HRP in CORo, orthodromically labeled terminals were found in the intermediate and deep layer of the SC. They were fewer in number, as compared to SC terminals labeled by FOA injection.
CORo as well as FOA received visual information from the ventral bank of the anterior ectosylvian sulcus, judging from fiber connection of the former with the latter . The similarity of afferent and efferent fiber connections of CORo to those of FOA suggests that CORa may play some role in the control of eye movement through the corticotectal descending pathway as suggested for FOA.
